Objective: To describe and analyse the clinical characteristics of 100 patients with antiphospholipid syndrome (APS) associated with infections. Methods: Patients were identified by a computer assisted search (Medline) of published reports to locate all cases of APS published in English, Spanish, and French from 1983 to 2003. The bilateral Fisher exact test was used for statistics. Results: 59 female and 41 male patients were identified (mean (SD) age, 32 (18) years (range 1 to 78)): 68 had primary APS, 27 had systemic lupus erythematosus, two had ''lupus-like'' syndrome, two had inflammatory bowel disease, and one had rheumatoid arthritis. APS presented as a catastrophic syndrome in 40% of cases. The main clinical manifestations of APS included: pulmonary involvement (39%), skin involvement (36%), and renal involvement (35%; nine with renal thrombotic microangiopathy, RTMA). The main associated infections and agents included skin infection (18%), HIV (17%), pneumonia (14%), hepatitis C (13%), and urinary tract infection (10%). Anticoagulation was used in 74%, steroids in 53%, intravenous immunoglobulins in 20%, cyclophosphamide in 12%, plasma exchange in 12%, and dialysis in 9.6%. Twenty three patients died following infections and thrombotic episodes (16 with catastrophic APS). Patients given steroids had a better prognosis (p = 0.024). The presence of RTMA and requirement for dialysis carried a worse prognosis (p = 0.001 and p = 0.035, respectively). Conclusions: Various different infections can be associated with thrombotic events in patients with APS, including the potentially lethal subset termed catastrophic APS. Aggressive treatment with anticoagulation, steroids, and appropriate antibiotic cover is necessary to improve the prognosis.
T he detection of antiphospholipid antibodies (aPL)-that is, lupus anticoagulant or anticardiolipin antibodies-is of interest because of their importance in the pathogenesis of clotting in the antiphospholipid syndrome (APS). APS occurs not only in systemic autoimmune diseases, particularly systemic lupus erythematosus (SLE), but also in patients who do not manifest overt symptoms of other autoimmune disturbances (primary APS), where the emphasis is primarily on vascular events. 1 2 Since 1983, many infections have been found to be associated with aPL positivity, although a pathogenic role for these antibodies was not usually obvious except in a few isolated cases. Over recent years it has been emphasised and reported on several occasions 3-5 that many infections may not only trigger the production of these antibodies but also appear be accompanied by clinical manifestations of the APS itself. This has been seen particularly in patients with catastrophic APS. [6] [7] [8] In this study we made the first literature analysis-some 20 years after the definition of APS-of patients who developed an APS associated with, and probably triggered by, infections. In this series, comprising a total of 100 patients, we further clarify the importance of this association and discuss other clinical aspects, including treatment and prognosis.
METHODS
Patients were identified by a computer assisted search of published reports (Medline, National Library of Medicine, Bethesda, Maryland, USA) to locate all cases of APS published in English, Spanish, and French from 1983 (when APS was first defined) to 2003.
We also analysed several original cases that were categorised as having APS or as having aPL or lupus anticoagulant associated with any infection in which there was a thrombotic process. We scanned bibliographies of all articles for references not identified in the initial search. Only cases with well documented clinical summaries and relevant information were included in the review.
Data from these papers were summarised using a standardised data form, including sex, age, diagnosis of the underlying condition, associated infections, major thrombotic clinical manifestations, immunological features, treatment, and course. Two new cases of APS from our clinics, both associated with urinary infection, are added to the review as illustrative case reports (see the appendix).
The bilateral Fisher exact test was used for statistics.
RESULTS
In all, 100 patients with APS manifestations associated with infections were reviewed: 98 from the literature search plus two from our own clinics.
General characteristics
General clinical features of these patients are shown in 
Associated infections
The associated infections and microbiological agents are shown in table 3. Skin infection (18%), human immunodeficiency virus (HIV) infection (17%), pneumonia (14%), hepatitis C virus (HCV) infection (13%), and urinary infection (10%) were the commonest associated infections. In nine cases, more than one organ or agent was identified as a source of infection. Other infections less frequently associated with APS were identified, including mycoplasma (3), cytomegalovirus (CMV) (3), fungal infections (2), pulmonary tuberculosis (2), malaria (2), P carinii (1), and leptospirosis (1).
Treatment
Most of the patients received the appropriate antibiotic and antiviral treatment according to the underlying infection. In five cases, this was given as sole treatment. The treatment was not reported in 17 cases. Table 4 shows the differing types of treatment used. Anticoagulation was the most common, used in 61 of 83 patients (73%). Steroids were used in 43 patients (53%), intravenous immunoglobulins in 17 (20%), cyclophosphamide in 10 (12%), and plasma exchange in 10 (12%). Aspirin was used in six patients (7%), dialysis in eight (10%), fibrinolytics in six (7%), and fresh frozen plasma in five (6%). Different types of surgical procedures were undertaken, including arthroplasty in three (4%), leg amputation in two (2%), and vena cava filter, aortic repair, or splenectomy in one case (1%) each.
Outcome
Twenty three patients died following infection and thrombotic episodes (in 16 cases with catastrophic APS). Other causes of death were related to RTMA (four cases), purpura fulminans (one case), CVA in a patient with varicella pneumonia, and HIV infection in one patient. Patients who received steroids had a better prognosis than the rest (p = 0.024). The presence of RTMA and need for dialysis carried a worse prognosis (p = 0.001 and p = 0.035, respectively). The remaining 77 patients recovered after the thrombotic event. 
DISCUSSION
aPL were originally detected in human serum by Wasserman 57 almost 100 years ago, when his complement fixation test was first used for the diagnosis of syphilis, and when the Venereal Disease Research Laboratory (VDRL) test was described. 58 A phospholipid termed cardiolipin was the major tissue extract used in this test. It was subsequently found that the VDRL was not specific for syphilis but was also positive in autoimmune diseases such as SLE. In 1983, cardiolipin was used for the first time as the antigen in a solid phase aPL specific assay by Harris et al, 59 and the term APS was born. 60 Syphilis was thus the first infection to be recognised as being linked to aPL. Since 1983, many other infections have been found to be associated with the presence of aPL, although a pathogenic role for these antibodies was not usually obvious except in a few isolated cases.
In 1990, it was found that the binding of the aPL to phospholipid was enhanced in autoimmune conditions by a ''cofactor'' known as b 2 glycoprotein I (b 2 GPI)-a glycoprotein with anticoagulant properties-whereas the ''non''-thrombogenic aPL did not require this cofactor to enhance binding. The two types of aPL were referred to as ''autoimmune'' and ''infectious'' types. [61] [62] [63] [64] This distinction, however, was subsequently found not to be absolute, [65] [66] [67] [68] and it was postulated that infections may be a trigger factor for the induction of pathogenic aPL in certain predisposed individuals. In the present study, we have analysed the clinical and microbiological characteristics of 100 patients in whom pathogenic or thrombogenic aPL appeared in the course of an infectious process.
Microbial agents or viruses may induce autoimmune disease by several mechanisms. Although the specific factors resulting in the induction of aPL and the associated thrombotic events are still unknown, ''molecular mimicry'' and various infectious agents acting as superantigens have been proposed as mechanisms. Antigenic similarity between infectious agents and host tissues might result in a immune response to the shared determinant, resulting in disease. Polyclonal activation by the proteins of some infectious agents may act on particular subsets of the lymphocyte population-for example, viruses may destroy a particular T cell subset, upregulate Th1 cytokines, selectively activate other T cell subsets, and directly stimulate cytokine and chemokine release, which may influence the expression of MHC class I and class II molecules. [69] [70] [71] A hexapeptide (TLRVYK) has been identified by Blank et al. 72 This is specifically recognised by a pathogenic anti-b 2 GPI monoclonal antibody. An evaluation of the pathogenic potential of a variety of microbial pathogens carrying sequences related to this hexapeptide in mice was carried out by the same group by infusing IgG specific to the peptide intravenously into naive mice. High titres of antipeptide anti-b 2 GPI antibodies were observed in mice immunised with H influenzae, N gonorrhoea, and tetanus toxoid. Significant thrombocytopenia, prolonged activated partial thromboplastin times, and increased percentages of fetal loss were also observed. 72 Zhang et al recently identified an S aureus protein (Sbi) which also bound b 2 GPI and could serve as a target molecule for IgG binding. 73 Gharavi et al showed that synthetic peptides which share both structural similarity with the putative phospholipid binding region of the b 2 GPI molecule and a high homology with CMV were able to induce aPL in NIH/Swiss mice. 74 75 Many viral infections may be accompanied by increases in aPL. [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] Among these, HCV [76] [77] [78] [79] [80] [81] and HIV [85] [86] [87] [88] infections have been intensively studied. In 1986, Bloom et al first documented lupus anticoagulant in 44% of AIDS patients and in 43% of asymptomatic HIV positive individuals (in which they may be transient). 85 The anticardiolipin antibodies described in HIV patients are of both the pathogenic (b 2 GPI cofactor dependent) and the infectious type (b 2 GPI independent). [86] [87] [88] As HIV infection leads to immunosuppression affecting mainly CD4+ cells and macrophages, it is possible that the pathophysiological mechanism of APS associated with HIV is different from that in other infections.
Many bacterial infections are associated with aPL. However, the increase is not usually associated with thrombotic events. Of interest, however, is the fact thatalthough b 2 GPI dependence is usually not present in this group-in patients with leprosy (particularly in the multibacillary type of leprosy) the anticardiolipin antibodies may be b 2 GPI dependent, as is found in autoimmune diseases. 89 Lucio's phenomenon is a rare manifestation of leprosy in which the histopathological findings are related to microvascular thromboses in the absence of inflammatory infiltration of the vessel walls. Levy et al showed that this type of leprosy was associated with b 2 GPI dependency of the anticardiolipin antibodies. 90 One patient has been documenteda young adult who developed an APS in childhood following a pulmonary infection with M pneumoniae. 91 Streptococcal infections may also be associated with raised titres of anticardiolipin antibodies. There has been controversy over rheumatic heart disease, with some investigators reporting raised titres and others not confirming these findings. Q fever, caused by Coxiella burnetti, is also associated with a high frequency of anticardiolipin antibody positivity. Of particular interest is the unusual but potentially fatal subset of catastrophic APS. 92 Until now, more than 200 such patients have been collected in an international registry. 52 93-95 Forty patients from the present series (40%) developed catastrophic APS after infectious episodes. Several triggering factors became apparent when these cases were analysed. These included trauma, withdrawal of anticoagulation, and carcinoma, but particularly infections. 93 The latest published analysis 6 has shown that no less than 24% of catastrophic APS cases were preceded by infections. These comprised respiratory (10%), cutaneous, including infected leg ulcers (4%), urinary tract (4%), gastrointestinal (2%), general sepsis (1%), and other infections (3%). Molecular mimicry has also recently been proposed for the development of catastrophic APS following infections. 96 Regarding treatment, in the present study we found that a wide variety of treatments had been given. Most patients received anticoagulants (74%) plus immunosuppressive or immunomodulatory treatment. Patients who received steroids had a better prognosis than those who did not. Recently, Annane et al showed that the use of steroids reduced the risk of death in patients with septic shock and relative adrenal insufficiency. 97 Furthermore, guidelines for the treatment of patients with catastrophic APS have recently been published 95 and include the prompt use of antibiotic cover if infection is suspected.
Conclusions
A wide variety of infections can be associated with thrombotic events in patients with APS, including the potentially lethal subset termed catastrophic APS. A disproportionately large number of patients develop catastrophic APS following infection, bearing in mind the small number of catastrophic cases documented in published reports (around 200) as opposed to the several thousand with simple/classic APS. This emphasises a major difference in the pathogenesis between the two conditions that remains to be explored in future studies, and also the need for early diagnosis and aggressive antibiotic treatment as soon as infection is suspected in a patient with APS. A 42 year old white women was diagnosed with SLE 25 years ago. Over the following years she had several exacerbations of articular involvement, with progressive hand deformity (Jaccoud arthropathy) and oral ulcers that resolved with small doses of corticosteroids and non-steroidal anti-inflammatory drugs. In 1992, Libman-Sacks endocarditis and livedo reticularis were detected and laboratory tests showed the presence of lupus anticoagulant. She began treatment with acenocumarol. Six months later, she was admitted because of a urinary tract infection. Urine cultures were positive for E coli. She was treated with ciprofloxacin and discharged in good condition. The day after discharge, she developed epigastric pain accompanied by nausea, vomiting, diarrhoea, and fever (39˚C). She had livedo reticularis and lower limb oedema and complained of upper abdominal pain (with normal peristalsis) and occasional chest discomfort. A systolic murmur was detected in the mitral valve area.
Laboratory tests revealed a marked rise in transaminases (aspartate transaminase 1313 I/U, alanine transaminase 1530 I/U), alkaline phosphatase (353 I/U), and lactic dehydrogenase (3735 I/U). The platelet count was 88610 9 /l, haemoglobin 8.8 g/l, packed cell volume 26%, white blood count (WBC) 7610 9 /l, and creatinine 1.9 mg/dl. Direct and indirect Coombs tests were positive. Peripheral blood smears showed no evidence of schistocytes. The erythrocyte sedimentation rate (ESR) was 93 mm/h, anti-ds-DNA was positive; complement levels were low (C3 = 0.117, C4,0.07, and CH50 activity = 7); 24 hour urinary protein excretion was 538 mg. IgG anticardiolipin antibodies and lupus anticoagulant were positive, with negative IgM anticardiolipin antibodies. An ECG revealed ST segment and T wave abnormalities. Echocardiography showed mitral insufficiency and a valvar vegetation. Left ventricular size and function appeared normal. There was an inferior hypokinesia. There was enzymatic evidence of a myocardial infarct (creatinine phosphokinase MB isoenzyme, 151 I/U; troponin I, 132 I/U). Coronary angiography showed 100% occlusion of the proximal right coronary artery.
A stent was inserted with good results. She started treatment with clopidogrel, aspirin, heparin, and b blockers. She was also treated with intravenous ''pulse'' methylprednisolone for the haemolytic anaemia, without improvement. Her platelet count fell to 35610 9 /l. Intravenous immunoglobulin treatment was started. Her clinical course then stabilised and a gradual improvement occurred. She was diagnosed as having catastrophic APS with renal, cardiac, and hepatic involvement associated with a urinary infection by E Coli.
CASE 2
The patient was a 78 year old women with an eight year history of seizures treated with oral carbamazepine. She presented with chest pain and generalised soft tissue oedema of her lower right limb. Physical examination was unremarkable except for leg pain and oedema. Laboratory investigations showed an ESR of 14 mm/h, packed cell volume 39%, haemoglobin 12.7 g/l, WBC 7480610 9 /l, platelet count 155610 9 /l, creatinine 0.8 mg/dl, anti ds-DNA negative, and antinuclear antibodies (ANA) 1/40. Urinalysis showed the presence of white cells and culture for E coli was positive. Ciprofloxacin treatment was given. External iliac vein and femoral thrombosis was diagnosed by the Doppler technique. Pulmonary scintigraphy showed a perfusion mismatch with a high probability of pulmonary embolism. She was diagnosed as having deep vein thromboses and pulmonary embolism. The thrombophilia tests showed positive lupus anticoagulant with negative anticardiolipin antibodies.
She began anticoagulation with heparin and acenocumarol. During the admission, she suddenly developed epileptic seizures. Computed tomography of the brain revealed lacunar infarcts. A diagnosis of primary APS associated with a urinary infection by E coli was made.
